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Supplementary

Section S1. Surface energy of PEGylated surfaces
Owens-Wendt approach (43) was used to estimate the surface energy of our PEGylated surfaces. 
where is the total heat transfer through the droplet and w is the droplet thermal conductivity.
Once Nu is obtained, can be calculated from equation (S5). The liquid-vapor interface heat transfer coefficient is given by the interfacial condensation heat transfer coefficient, ℎ i (46, 47)
where g is the specific gas constant and g is the water vapor specific volume, sat is the water vapor saturation temperature, ℎ fg is the latent heat of condensation phase change, is the Poisson constant, and is the condensation coefficient which is taken as, = 1.
To study the overall steady-state condensation heat flux, we combined the individual droplet heat transfer with droplet distribution theory to account for the fraction of droplets on the surface of a given radius for the surfaces undergoing gravitation shedding and jumping. For small hydrophobic droplets ( ≤ e ), the size distribution ( ) is determined by (48) 
where ̂ is the average maximum droplet radius (departure radius), e is the radius when droplets begin to merge and grow by droplet coalescence, min is the critical nucleation radius for condensing droplets (≈10 nm for water). For large hydrophobic droplets growing due to coalescence ( ≥ e ), the droplet distribution ( ) is determined from (49)
The variables 1 , 2 , 3 , 1 , 2 are constants associated with droplet sweeping, defined as (50) 
In our case, the analysis is valid for smooth surfaces ( = 1, ℎ = 0, HC ≈ 0) or nanostructured superhydrophobic surfaces (ℎ ≈ 0, HC ≈ 0), 3 is defined as
For hydrophilic droplets, the definition of changes because of the geometry of the hydrophilic droplet and the fact that the droplet base radius, will be related to the nucleation density and not the droplet radius,
We have an additional sin term in the denominator. Thus, for hydrophilic droplets ( a < 90°),
Eq. (S5) and (S6) are modified as
3 ( e − min ) − min 2 + 3 2 e + 3 exp( 1 + 2 ) (S15)
The total surface steady state condensation heat flux ( ") is obtained by incorporating the individual droplet heat transfer rate obtained from literature (28, 45) , with the droplet size distributions (Eq. S5, S6 for a > 90° and Eq. S17 and S18 for a < 90°)
To calculate the condensation heat transfer coefficient, ℎ, the heat flux, " is divided by the
Section S3. Dropwise condensation model
In order to take into account droplet sweeping, and to expand on the coalescence model formulation, which clearly does not match the experimental data at elevated contact angle hysteresis, we hypothesized that a droplet length-scale dependence must be taken into account when considering dropwise condensation stability. Indeed, droplet shedding models can predict unphysical droplet departure sizes exceeding diameters of 1cm (Manuscript Fig. 1c, inset) , which are not observable in real life due to rivulet or film/puddle formation. The lack of an upper length scale on droplet shedding models motivated us to consider a second model for predicting dropwise-to-filmwise condensation transition based on droplet to puddle transition.
We begin by addressing how a liquid puddle spreads on a solid surface. We expect a partial wetting liquid droplet to spread initially to minimize the system free energy and to stop spreading when it reaches equilibrium. For small liquid volumes, i.e., when the Bond number is less than 1 (Bo ≤ 1) capillarity is the dominant driving force (33). As the volume of the liquid increases, i.e. (Bo ≫ 1), gravity becomes the dominant driving force in the bulk while surface tension effects remain limited to the vicinity of the moving contact line (34, 35, 51) . In this regime, the hemispherical droplet shape approximation is no longer valid. Rather, droplets will form puddles on the surface. We hypothesize that dropwise condensation is stable while the contact angle hysteresis mediated droplet shedding length scale is dominated by capillarity, resulting in hemispherical droplet shapes. For surfaces having large contact angle hysteresis, the gravitational body force required to overcome contact line pinning is so large that capillarity ceases to govern the droplet dynamics, giving way to gravitational forces (Bo ≫ 1). The inability to maintain hemispherical droplet shapes results in puddle or film formation on the surface, rendering the droplet shedding model invalid, and resulting in filmwise condensation.
To test our hypothesis, we analytically calculated the Bond number for droplets immediately prior to departure from a vertical condensing surface to determine whether the droplets reside in the capillarity-dominated regime (Bo ≤ 1) or the gravity-dominated regime (Bo ≫ 1). We define the capillary length as y = √ / where and are the condensate surface tension and density, respectively, and is the gravitational constant. The Bond number is defined as Bo = f 2 / y 2 , where f is the characteristic lateral length of the liquid droplet, taken to be its final equilibrium radius immediately prior to departure. The droplet radius scales as f ~ 1/3 in the capillary-dominated regime, and ~ /ℎ * 1/2 in the gravity-dominated regime, where is the droplet volume, and ℎ * is the film of puddle height (36). For the transition studied here, the capillary-dominated droplet radius scaling was used as the key transition is hypothesized to occur at Bo ≈ 1 and the shedding model is valid for discrete droplets. The surface wettability dependent droplet volume is defined as = To test our hypothesis, we compare our model with previous experimental data of solid hydrophobic surfaces undergoing stable dropwise condensation, quasi-dropwise condensation, as well as filmwise condensation (table S1) . Note, the nature of hydrocarbon adsorption is time dependent (13, 15, 52) , hence, the advancing and receding contact angles vary depending on when the samples are characterized. We took advantage of this fact in order to study the effect of contact angle and contact angle hysteresis on the dropwise condensation criteria. 
Model Limitations
Although the Bond number model delineates the dropwise-to-filmwise transition with exquisite precision, it does not take into account the nucleation site saturation transition mechanism of dropwise-to-filmwise transition (70). For stable dropwise condensing surfaces, nucleation site saturation occurs when
where v is the steam temperature, ℎ fg is the latent heat of phase change for water, and ∆ is the steam-to-surface temperature difference.
For steam at atmospheric pressure, the critical heat flux is on the order of 5 to 10 MW/m 2 , multiple orders of magnitude higher than the wettability and contact angle hysteresis governed transitions developed in this work. Even though the transitions occur due to differing criteria, they are related via the surface chemistry. For the classical nucleation site saturation limit, as ∆ increases, the radius of curvature of the smallest nucleated droplet (̂= 2 v / ℎ fg ∆ ) decreases and more nucleation sites become active. Any promoter surface has an intrinsic distribution of potential nucleation sites which are highly dependent on the surface chemistry (11). For example, highly wetting surfaces have higher nucleation rates, resulting in higher nucleation density for the same ∆ as a non-wetting surface. For a given surface, when ∆ reaches a value such that a significant proportion of the total surface has sites separated by distances of 2̂ or less, a significant portion of the surface becomes wetted and departure from the ideal dropwise condensation. For wetting surfaces, this results in a lower critical condensing heat flux compared to non-wetting surfaces, implicating that the PEGylated surfaces developed here should flood at a lower ∆ when compared to classical non-wetting promoter coatings (2).
